Four specimens of Phallus were collected during surveys in a Pinus armandii forest in Baoshan, Yunnan Province, China. Macro-and micro-characteristics, together with Internal Transcribed Spacer (ITS) sequence data, showed that the four specimens belong to a new species, here named Phallus haitangensis. The ITS phylogenetic analyses, morphological descriptions, color photographs, and line drawings are provided, and compared with closely related species in the genus.
Introduction
The genus Phallus Junius ex L. is classified under the family Phallaceae, order Phallales (Index Fungorum 2016) . Species of the genus Phallus are typically characterized by a foetid odour and a bell-shaped or nearly half-rounded receptacle, an erect and sponge-like pseudostipe, a saccate volva with rhizomorphs, and sometimes the presence of a skirt-like structure named an indusium (Arora 1986 , Liu 2005 . Phallus species are used in China for food (e.g., Dictyophora duplicata (Bosc) E. Fish. (1888: 6) , Phallus echinovolvatus (M. Zang, D.R. Zheng & Z.X. Hu) Kreisel (1996: 277) , P. indusiatus Vent. (1798: 520) , D. multicolor Berk. & Broome (1883: 65) , P. rubrovolvatus (M. Zang, D.G. Ji & X.X. Liu) Kreisel (1996: 280) and P. flavocostatus Kreisel (1996: 278) , P. impudicus L. (1753: 1178)) (Dai et al. 2010) and medicine (e.g., D. duplicata, P. indusiatus, D. multicolor, P. impudicus and P. rubicundus (Bosc) Fr. (1823: 284) ) (Dai & Yang 2008) . Phallus indusiatus is an example of a medicinal species from this genus, with antioxidant and antimicrobial properties (Oyetayo et al. 2009 ).
To date, the genus Phallus contains 31 species, excluding synonyms, on the basis of 107 records in Species Fungorum (Index Fungorum 2016) . Known Phallus species of the world are widely distributed in different vegetation and climate types, for examples, grassland, bamboo forest or broad-leaved forest from tropical, subtropical or temperate areas (Calonge et al. 2002 , Kreisel & Hausknecht 2002 , Baseia et al. 2003 , Liu 2005 , Calonge et al. 2008 , Kasuya 2008 , Li et al. 2014 . Twenty six species of Phallus have been recorded in China as Phallus and Dictyophora including varieties and orphan species (Liu 2005) . Li et al. (2008) indicated that abundant resources of Phallaceae were presented in Yunnan Province, where thirteen species have been recorded. In this study, all specimens were collected in conifer forests in Yunnan Province.
Molecular phylogenetic methods have been widely applied in basidiomycete studies, and have elucidated several taxonomic issues (Drehmel et al. 1999 , Zhang et al. 2004 , Dentinger et al. 2010 , Zhao et al. 2011 Thongklang et al. 2014; Gui et al. 2015; Chen et al. 2016; Zhao et al. 2016) . However, only a few studies (Li et al. 2014 , Adamčík et al. 2015 have incorporated phylogenetic analyses in their taxonomic descriptions of the genus Phallus. Although the taxonomic position of Phallus and Dictyophora is still controversial, this study follows the taxonomic system of Dring (1964) , who advocated that the genus Dictyophora should be merged Hand sections of dried specimens were made under a dissecting microscope (Motic SMZ-140 Series), and mounted in 3%-5% KOH for examination. All micro-morphological characteristics were observed under the objective lenses of 200×, 400× and 1000× of a Nikon compound microscope (Nikon Model Eclipse Ni-U). Basidiospore size, colour, shape, and the cells or hyphae of the pseudostipe, indusium and volva were recorded and photographed. In addition, line drawings of the volva hyphae, and mature fruiting bodies were made. The range of values of basidiospore sizes in side view was calculated from at least 25 basidiospores. The value range of the cells of the pseudostipe, indusium and hyphae of the volva were calculated from at least 20 hyphae or cells. The photographs and drawing plates were edited in Adobe Photoshop CS3.
DNA extraction, PCR amplification and sequencing
Total deoxyribonucleic acid (DNA) of the four specimens was extracted using the Biospin Fungus Genomic DNA Extraction Kit (Bioer Technology Co., Ltd., Hangzhou, P.R. China). The primers ITS4 and ITS5 were used to amplify the complete ITS region (Gardes & Bruns 1993) . For PCR amplification, 25 μl of the PCR reaction mixture contained 10 mM 2Mix 10 μl, 1 μM ITS5 0.35 μl, 1 μM ITS4 0.35 μl, 50 ng/μl DNA 0.6 μl, ddH 2 O 13.7 μl. The PCR thermal profile was set according to Douanla-Meli et al. (2005) and Li et al. (2014) with the following modifications: an initial denaturation at 94°C for 3 min, followed by 35 cycles consisting of denaturation at 94°C for 40s, annealing at 55°C for 45s, and extension at 72°C for 1 min, and a final elongation step of 7 min at 72°C. To check the PCR products, 1% agarose gel electrophoresis for 30 minutes at 220V was used. All PCR products were sent to Shanghai Majorbio BioPharm Technology Co., Ltd. for purification and sequencing.
Sequence alignment and phylogenetic analyses
Sequences of the four Phallus specimens were assembled using SeqMan (DNA Star) (DNASTRAT Lasergene 13) (Burland 1999) and Bioedit (Hall 1999) . The ITS dataset includes 17 taxa from the genus Phallus as the ingroup, four new sequences from our samples, and 13 obtained from GenBank (Table 1) . Mutinus caninus was chosen as the outgroup taxon (Fig. 1 ). These sequences were aligned in ClustalX Version 2.1 (Thompson et al. 1997) , and manual adjustments were made to improve the alignments. The phylogenetic analysis was carried out using PAUP 4.0 software (Swofford 2001) . Data were analyzed with random addition sequence, unweighted parsimony and gaps were treated as missing data. The maximum parsimony trees with bootstrap values were obtained by using the heuristic search option with 1,000 random taxa addition and tree bisection and reconnection (TBR) as the branch-swapping algorithm. The ML analysis was performed using raxmlGUI v.0.9b2 with the model "GTRGAMMA" (Stamatakis 2006; Silvestro & Michalak 2010) , while Bayesian analysis was conducted with MrBayes v. 3.1.2 (GTR+I+Gmodel) (Huelsenbeck & Ronqvist 2001) to evaluate Posterior probabilities (PP) (Rannala & Yang 1996; Zhaxybayeva & Gogarten 2002) by Markov Chain Monte Carlo sampling (BMCMC). Phylogenetic trees were sampled every 100 th generation in 455,000 generations from the running of six simultaneous Markov chains. The first 980 trees which contained the burn-in phase of the analyses were discarded. The remaining 2,560 trees were used to calculate the posterior probabilities (PP) in the majority rule consensus tree (Liu et al. 2011) . The best tree was viewed in FigTree and edited in Adobe Illustrator CS5.
Results

Phylogenetic analyses
The equally weighted maximum parsimony tree had a consistency index (CI) of 0.683, a retention index (RI) of 0.681, a rescaled consistency index (RC) of 0.465, and a homoplasy index (HI) of 0.317. There were 615 characters in the present analysis, of which 253 were constant, 98 were parsimony-uninformative and 264 were parsimony-informative (Fig. 1) . The phylogenetic tree revealed four clades ( Fig. 1 ): Clade II, with relatively high bootstrap support (70 MP and 97 ML), comprised four Phallus species, derived from the four field collections, belonging to P. haitangensis and closely related to Phallus serrata with very high support (100 MP, 100 ML and 1.00 PP). Diagnosis:-Receptacle strongly reticulate, golden orange, with a prominent opening at the apex. Pseudostipe creamy white, with a well-developed and light orange indusium, and a sac-like volva with rhizomorphs.
Description:-Immature fruiting body not seen. Expanded basidioma up to 130-165 mm high, unbranched, with an indusium flaring out from beneath the receptacle, a stipe-like pillar and a volva with thin rhizomorphs. Receptacle 30-35 mm high × 25-50 mm wide, bell shape to umbrella shape, dark orange (5B7) to golden yellow (5B7), strongly reticulated, gold yellow (5B7) ridges, yellowish brown (5E5-7) sticky gleba in the pits, with a prominent hole at the apex with 1-8 mm diameter. Receptacle margin is lightly upturned. Pseudostipe creamy white (4A1), 100-132 mm high × 8-11/15-20/18-22 mm wide (apex-middle-base), nearly equal or lightly tapering upwards, fragile or soft, spongiform, holes in pseudostipe is 1-10 mm diameter. Indusium 85-95 mm long, 80-155 mm broad, pale orange (5A3) to light orange (5A4-5), well-developed, at first contracted under the edge of the receptacle, later expanding almost touching the ground. The holes of the indusium are nearly round to polygonal, 4-35 mm diameter and 1-4 mm thick, smooth edges. Volva present at base of pseudostipe, 30-140 mm high and 20-45 mm thick, yellowish white (4A2), smooth surface, attached to the substrate by a pinkish white (13A2) Notes:-The main distinguishing characteristics of Phallus haitangensis are the golden orange receptacle that is strongly reticulate, with a somewhat prominent apex, which has a light orange opening, and a light orange indusium with rounded to polygonal meshes without serrated margins (Fig. 2) , and a creamy white spongy pseudostipe which tapers upwards. The results of the phylogenetic tree showed that P. haitangensis grouped with P. serrata, P. mengsongensis and P. cinnabarinus, however P. serrata has a white and half-egg receptacle, a white indusium with serrated margins of the holes, and larger basidiospores (Li et al. 2014) ; P. mengsongensis has small fruiting bodies without an indusium (Li et al. 2014) ; the receptacle of P. cinnabarinus is cinnabar-red and the pseudostipe is pale cinnabar-red and shorter than that in P. haitangensis, and the indusium of P. cinnabarinus is also cinnabar-red above to paler below, and the basidiospores of P. cinnabarinus are brownish green (Lee 1957 , Hemmes & Desjardin 2009 (Table 2) . Some indusiate species are morphologically similar to P. haitangensis, however, the indusium of P. impudicus (= P. impudicus var. pseudoduplicatus O. Andersson (1989: 233) ) is pure white and up to 1/3 to 2/3 of the pseudostipe length; the indusium of P. indusiatus is longer than that of P. haitangensis with a white receptacle (Kreisel & Hausknecht 2002 , Das et al. 2007 , Li et al. 2008 , Dash et al. 2010 (Table 3) ; P. indusiatus var. roseus Lloyd (1909) (Kreisel & Hausknecht 2002) has a white or cream or yellowish receptacle with a light pinkish indusium; P. haitangensis has a taller fruiting body (130mm-165mm high) than P. indusiatus (= P. indusiatus f. citrinus K. Das, S. K. Singh & Calonge (2007: 136) ) (75mm-110mm high) and P. flavidus Kreisel & Hauskn (2009: 152) (50mm-80mm) (Table 3) ; the pseudostipe of P. multicolor is yellowish white (Kreisel & Hausknecht 2002 , Li et al. 2008 , Dutta et al. 2012 (Table 3) ; the orange or chrome yellow indusium of P. multicolor var. laeticolor D. A. Reid (1976) (Kreisel & Hausknecht 2002) up to 1/2 to 3/4 of pseudostipe length (Kreisel & Hausknecht 2002) ; P. luteus (Liou & L. Hwang 1936) T. Kasuya (2008: 9) has an orange to yellowish white receptacle and a chrome yellow or orange-yellow indusium (Kreisel & Hausknecht 2002) .
Phallus haitangensis should also be compared with P. echinovolvatus, however, the receptacle of P. echinovolvatus is whitish yellow under a dark brown gleba, the indusium is white, and the volva is echinulated (Calonge 2005 , Li et al. 2008 , Li et al. 2014 . Phallus haitangensis closely resembles P. duplicatus Bosc (1811: 86) , but this species has a white receptacle and indusium, an annulus under the indusium, and the basidiospores are light greenish. (Li et al. 2008 , Cortez et al. 2011 , Kibby & McNeil 2012 (Table 2) . 
Discussion
In this study, we introduce Phallus haitangensis based on its unique macro-and micro-morphological characteristics together with the support of phylogenetic analyses. This species has a prominent opening at the apex, a strongly reticulate and golden orange receptacle, a creamy white pseudostipe, a well-developed net-like and light orange indusium without a serrated margin, and a sac-like volva with rhizomorphs. In the ITS phylogeny, this species was well separated from other Phallus species with high bootstrap support values (Fig.1) , and the comparison with the morphologically similar taxa in Phallus showed P. haitangensis has unique characteristics (Table2), indicating that P. haitangensis is a distinct species within Phallus. The phylogenetic tree ( Fig.1) shows that Phallus species with and without indusium are mixed together. In Clade I, the species with indusium-P. ultraduplicatus, P. rubrovolvatus, Dictyophora phalloidea and the species without indusium-P. impudicus and P. hadriani were also grouped in a single clade. In Clade II, the species with indusium-P. serrata and P. haitangensis and the species without indusium-P. mengsongensis grouped in a single clade. In Clade IV, the species with indusium-P. atrovolvatus and the species without indusium-P. rugulosus grouped in a single clade. This supports the argument that Dictyophora should be merged with Phallus (Dring 1964) . Similarly, Cabral et al. (2012) also mentioned that the indusium should not be used as a characteristic to distinguish between genera of Phallaceae. Thus, we consider that Dictyophora should be a synonym of Phallus as we showed in our previous study (Li et al. 2014) .
To date, most taxonomic studies of Phallus have been based on morphological observation and very few studies have used molecular analyses for their studies. This study used ITS data of new collections and all available ITS data of Phallus in the GenBank for phylogenetic analyses of P. haitangensis, so the molecular analyses should be used in Phallus taxonomy in future studies. 
